Copulation with intromission or manual vaginocervical stimulation (VCS) shortens the duration that intact female rats maintain lordosis responding during estrus. The present study examined whether VCS could shorten the duration of both appetitive and consummatory measures of female sexual behavior, and whether these effects occur differentially in time and across different hormone priming intervals. Ovariectomized, sexually experienced female rats were administered subcutaneous injections of estradiol benzoate 48 h and progesterone 4 h, before receiving 50 manual VCSs with a lubricated glass rod distributed over 1 h. Control females received sham VCSs distributed over the same time. The females were then tested for sexual behavior in bilevel chambers with two sexually vigorous males (to one ejaculatory series or 10 min with each male, separated by 5 min) 12, 16, and 20 h after VCS. Prior to the final hormone treatment, different groups of females had been given the same hormone treatment either 28, 14, 7, or 4 days before. In females tested at 28-and 14-day hormone intervals, VCS induced both active and passive rejection responses at 12, 16, and 20 h. In contrast, females that received sham VCS displayed relatively normal sexual behavior at 12 h, although by 16 and 20 h these females displayed active and passive rejection. Females tested at 7-or 4-day intervals displayed normal levels of lordosis at all testing times, regardless of VCS treatment. These data indicate that VCS facilitates rejection responses that precede the decrease in lordosis responsiveness. However, the effects of VCS are dependent on the frequency of hormone priming, suggesting that hormone treatment may block some of the long-term inhibitory effects of VCS on female sexual behavior. © 2000
intromissions are paced by the female Erskine, 1985; Erskine and Baum, 1982; Erskine, Kornberg, and Cherry, 1989) , an action that results in stronger intromissive stimulation and that distributes the intromissions across a longer time span.
Previous studies of intromission-induced estrus termination in the rat have used lordosis as the measure of estrus in intact, naturally cycling rats. Typically, females are exposed to a period of copulatory interaction with males during which they receive a certain number of paced or nonpaced intromissions without ejaculation (e.g., Erskine, 1985; Erskine et al., 1989) . Lordosis is then examined with new sexually experienced males, or following manual flank stimulation, at various times after the copulatory stimulation (e.g., 12, 16, and 20 h). These studies have established that paced intromissions lead to fewer stimulated lordosis responses at 20 h compared to the same number of nonpaced intromissions. Although paced intromissions spread out in time are clearly an effective long-term inhibitory stimulus for lordosis, it is not clear whether the decline in lordosis should be considered the exclusive measure of estrus termination. Females may engage in defensive or aggressive behaviors that signal their unwillingness to copulate, and male rats learn quickly not to attempt copulation with sexually nonreceptive females (Pfaus and Pinel, 1989) . Such behaviors may precede the decrease in lordosis responsiveness of females during estrus termination.
In the present experiment we examined whether appetitive sexual, or defensive and aggressive, behaviors displayed by females in bilevel chambers would reveal patterns of estrus termination that precede a decreased ability to show lordosis following VCS. To control for individual differences in male vigor and intromission number over time, we used manual application of 50 VCSs with a lubricated glass rod, or sham VCS, distributed in clusters of 5 every 6 min over an hour, as our stimulus. This number of manual VCSs approximates the number of intromissions and ejaculations that a sexually receptive female rat receives during an hour of copulation with a sexually receptive male rat in a bilevel chamber (Pfaus, Kleopoulus, Mobbs, Gibbs, and Pfaff, 1993) . We have used identical VCS treatments previously in studies of Fos induction in the brain (Pfaus et al., 1993; Pfaus, Marcangione, Smith, Manitt, and Abillamaa, 1996) and found it to be indistinguishable from an hour's worth of paced copulation in terms of the overall amount and pattern of Fos induced in different brain regions.
We also varied the rate of hormone priming with estrogen and progesterone over time, such that different groups of females were primed every 4, 7, 14, or 28 days. This was done to examine whether timing of hormone treatment might alter the ability of VCS to facilitate estrus termination.
METHODS

Animals and Surgery
Female Long-Evans rats (200 -250 g) were obtained from Charles River Canada, Inc., St. Constant, Québec. They were housed in groups of 2 to 4 depending on size in plastic cages (36 ϫ 26 ϫ 19 cm) in a colony room maintained on a reversed 12:12-h light/dark cycle (lights off at 08:00 h) at approximately 21°C. Food and water were continuously available. The females were anesthetized with a mixture of ketamine hydrochloride (50 mg/ml) and xylazine hydrochloride (4 mg/ml), mixed at a ratio of 4:3, respectively, and injected intraperitoneally in a volume of 1 ml/kg of body weight. Anesthetized females were then ovariectomized bilaterally via lumbar incisions. All females were given a week of postsurgical recovery prior to preliminary tests of sexual behavior. Intact Long-Evans male rats (n ϭ 82) that served as stimulus males had at least 10 tests of sexual behavior in bilevel chambers prior to the start of these experiments. These males were sexually vigorous and initiated copulatory activity with females within 15 s of being placed into the bilevel chambers.
Hormone Treatment and Tests of Sexual Behavior
All females were given 10 tests of sexual behavior in bilevel chambers with sexually vigorous males to ensure a high level of sexual experience (Pfaus, Smith, and Coopersmith, 1999) . During these tests, each female was placed into a bilevel chamber for 5 min prior to the introduction of a sexually vigorous male for a 30-min test of copulation. Tests were conducted at 4-day intervals during the middle third of the rats' dark circadian cycle. Full sexual receptivity was induced in each female by subcutaneous injections of estradiol benzoate (EB; 10 g in 0.1 ml of sesame oil) 48 h, and progesterone (P; 500 g in 0.1 ml of sesame oil) 4 h before each test.
Hormone and VCS Treatments
After their 10th test of sexual behavior, the females were maintained on another 4-day cycle of EB and P treatment prior to the application of VCS, except that P was administered at 17:00 h. At 21:00 h, the females received 50 manual VCSs with a lubricated glass rod in clusters of 5 (each spaced 5 to 10 s apart). Clusters were distributed at 6-min intervals over the course of 1 h, as described previously (Pfaus et al., 1996) . Females in the 4-day hormone group were given another 4-day cycle of EB and P treatment, and administered VCS (n ϭ 8) or sham treatment (n ϭ 8), in which the female was held by the base of the tail, her tail and rump raised and anogenital region exposed, for an amount of time equal to that for the application of 5 VCSs, distributed over 1 h, at 21:00. Tests of estrus termination were conducted the following day at 09:00, 13:00, and 17:00 h. Females in the 7-day hormone group were given EB treatment 5 days, and P treatment 7 days, respectively, after their first experience with VCS. On the day of P treatment, VCS (n ϭ 8) or sham treatment (n ϭ 8) was administered at 21:00 h and estrus termination was tested the following day at 09:00, 13:00, and 17:00 h. Females in the 14-day hormone group were given EB treatment 12 days, and P treatment 14 days, respectively, after their first experience with VCS. On the day of P treatment, VCS (n ϭ 15) or sham treatment (n ϭ 15) was administered at 21:00 and estrus termination was tested the next day as above. Females in the 28-day hormone group were given EB treatment 26 days, and P treatment 28 days, respectively, after their first experience with VCS. On the day of P treatment, VCS (n ϭ 8) or sham treatment (n ϭ 9) was administered at 21:00 h and estrus termination was tested the next day as above. Thus, although all females had equivalent hormone exposure immediately prior to estrus termination tests, the hormone cycle was varied at 4-, 7-, 14-, and 28-day intervals.
Tests of Estrus Termination
Behavioral tests began 12, 16, and 20 h following the second VCS treatment. Each female was placed into a bilevel chamber for 5 min prior to the introduction of a sexually vigorous male. Each male was allowed to copulate to one ejaculation, or left together with the female for 10 min without copulation, whichever came first. The first male was then removed and replaced 5 min later by a second sexually vigorous male. The test ended following the second male's ejaculation, or 10 min without copulation, whichever came first.
Incidents of appetitive level changing (number of level changes in the 5-min period prior to the introduction of the male; LC), solicitation (number of times the female made a headwise orientation to the male, followed by a runaway to another level), pacing (number of level changes per mount), hops and darts (made on the same level of the chamber as the male; HD), and lordosis (calculated both as a lordosis to mount quotient for each ejaculatory series, LQ, and as a mean reflex magnitude of 1 to 3 when lordosis was actually displayed, as in Hardy and DeBold (1971) ; LM) were recorded as in Pfaus et al. (1999) . Incidents of active rejection (number of headwise fighting stances, boxing, sideways threat postures, and kicking; as in Barnett (1963) ; AR), and the proportion of total test time that each rat displayed passive rejection (sitting on the ledge between the levels, a place where the male cannot move the female, PR) was also recorded.
Statistical Analyses
Each behavioral measure was analyzed using a 4 (hormone treatment) ϫ 2 (stimulation condition) ϫ 3 (test time) analysis of variance (ANOVA), with hormone group and stimulation as between-subjects factors and test time as the repeated measure. For each significant overall effect and interaction, differences between group means were analyzed using the Spjotvoll/Stoline modification of the Tukey HSD method for unequal Ns (Spjotvoll and Stoline, 1973) , P Ͻ 0.05.
RESULTS
Rats in the 28-day hormone treatment group displayed a dynamic pattern of estrus termination following VCS in which proceptive behaviors decreased, and defensive behaviors increased, prior to the decline in lordosis. Solicitation, as defined above, was not observed at any testing time in either VCS or sham groups. The proportion of females that displayed pacing behavior, as defined above, decreased in the 14-and 28-day hormone groups, but not in the 4-or 7-day hormone groups (data not shown). Relative to rats in the 28-day hormone group, rats in the 14-day hormone treatment group displayed fewer behaviors indicative of estrus termination, and were generally more receptive and proceptive during the 12-and 16-h testing times compared to the 20-h test. Rats in either the 7-or the 4-day hormone treatment groups did not show significant patterns of estrus termination except for an overall decline in the number of proceptive hops and darts displayed by rats in the 7-day hormone group at 20 h.
Appetitive Level Changing
The effects of VCS or sham stimulation on appetitive level changing are shown in Fig. 1 . The ANOVA detected a significant main effect of test time, F(2, 142) ϭ 14.63, P Ͻ 0.0001, but not of hormone treatment or stimulation condition. Post hoc comparisons revealed that LC was significantly lower at 20 h compared to 12 or 16 h. The ANOVA also detected a significant interaction of hormone group and test time, F(6, 142) ϭ 2.66, P Ͻ 0.02. Post hoc analyses revealed that LCs at 20 h for the 28-day hormone treatment group were significantly lower than those in the 14-, 7-, and 4-day hormone treatment groups. No other interactions were significant.
Proceptive Hops and Darts
The effects of VCS or sham stimulation on the number of proceptive hops and darts are shown in Fig. 2 . The ANOVA detected a significant main effect of hormone treatment, F(3, 71) ϭ 7.09, P Ͻ 0.0004. Post hoc comparisons revealed that overall, HD was lower in the 28-and 14-day hormone groups than in the 7-and 4-day hormone groups. The ANOVA also detected a significant main effect of stimulation condition, F(1, 71) ϭ 5.25, P Ͻ 0.03, with HD lower overall in animals given VCS compared to sham treatment. The ANOVA also detected a significant main effect of test time, F(2, 142) ϭ 52.56, P Ͻ 0.00001. Post hoc comparisons revealed that all test times were significantly different from one another, with the highest amount of HD in the 12-h test and the lowest in the 20-h test. Finally, the ANOVA detected a significant interaction of stimulation condition and test time, F(2, 142) ϭ 5.31, P Ͻ 0.006. Post hoc comparisons revealed that the HD was significantly lower in VCStreated animals compared to sham-treated animals during the 12-and 16-h tests. HD was not significantly different between VCS-and sham-treated rats during the 20-h test.
Lordosis
The effects of VCS or sham stimulation on the lordosis quotients are shown in Fig. 3 . The ANOVA detected a significant main effect of hormone treatment, F(3, 56) ϭ 10.25, P Ͻ 0.0001. Post hoc comparisons revealed that the LQs were significantly lower overall in the 28-day hormone treatment group compared to the other hormone treatment groups. The ANOVA also detected a significant main effect of test time, F(2, 112) ϭ 18.49, P Ͻ 0.0001. Post hoc comparisons revealed that the LQs were significantly lower overall during the 20-h test compared to the other test times. Although there was no main effect of stimulation condition, the ANOVA detected a significant interaction of hormone treatment and stimulation condition, F(3, 56) ϭ 3.75, P Ͻ 0.02. Post hoc comparisons revealed that the LQs were significantly lower in the VCS-treated rats of the 28-day hormone treatment group compared to VCS-treated rats in the other hormone treatment groups. Finally, the ANOVA detected a significant interaction of hormone treatment and test time, F(6, 112) ϭ 5.30, P Ͻ 0.0001. Post hoc comparisons revealed that LQs were the lowest during the 20-h test for the 28-day hormone treatment group. Moreover, LQs of the 28-day hormone treatment group during the 16-h test were significantly lower than those of the 4-day hormone treatment group at all test times.
Lordosis reflex magnitudes followed the same pattern as LQs (data not shown), with the ANOVA detecting significant main effects of hormone treatment, F(3, 56) ϭ 9.74, P Ͻ 0.0001, and test time, F(2, 112) ϭ 14.89, P Ͻ 0.00001. However, unlike the LQ, a significant main effect of stimulation condition was detected, F(1, 56) ϭ 4.75, P Ͻ 0.04, with the LMs of VCS-treated rats significantly lower overall compared to sham-treated rats. As with the LQ, a significant interaction was detected for hormone treatment and test time, F(6, 112) ϭ 4.23, P Ͻ 0.0008.
Active Rejection
The effects of VCS or sham stimulation on active rejections are shown in Fig. 4 . The ANOVA detected a significant main effect of hormone treatment, F(3, 71) ϭ 23.61, P Ͻ 0.00001. Post hoc comparisons revealed that the mean number of ARs was higher in the 28-and 14-day hormone groups compared to the 7-ands 4-day hormone groups. The ANOVA also detected a significant main effect of stimulation condition, F(1, 71) ϭ 5.67, P Ͻ 0.02, with VCStreated rats showing significantly more ARs compared to sham-treated rats. Although the ANOVA did not detect a significant main effect of test time, it did detect a significant interaction of stimulation condition and test time, F(2, 142) ϭ 5.68, P Ͻ 0.004. Post hoc comparisons revealed that the number of ARs was significantly lower in sham-treated rats at 12 h compared to all other test times, and compared to VCS-treated rats at all test times. A trend toward a significant three-way interaction of hormone treatment, stimulation condition, and test time was also detected, F(6, 142) ϭ 2.11, P ϭ 0.051. This trend likely reflects the large number of ARs in the 28-day hormone treatment group compared to the relatively small number in both the 7-and the 4-day groups. 
Passive Rejection
The effects of VCS or sham stimulation on the proportion of time spent showing passive rejection are shown in Fig. 5 . The ANOVA detected a significant main effect of hormone treatment, F(3, 71) ϭ 66.45, P Ͻ 0.00001. Post hoc comparisons revealed that the proportions were significantly higher in the 28-day hormone group compared to the 14-day hormone group, and significantly higher in the 14-day group compared to both the 7-and the 4-day group. The ANOVA also detected a significant effect of stimulation condition, F(1, 71) ϭ 18.64, P Ͻ 0.00006, with VCS-treated rats showing significantly higher proportions than sham-treated rats. A significant interaction of hormone treatment and stimulation condition was detected, F(3, 71) ϭ 6.34, P Ͻ 0.0009. Post hoc comparisons revealed that the proportions were significantly higher in the VCStreated rats within the 28-day hormone group compared to VCS-or sham-treated rats in all other groups, whereas VCS treated rats in the 14-day hormone group had significantly higher proportions compared to sham-treated rats in that group. However, the proportions displayed by VCS-treated rats in the 14-day hormone group were not significantly higher than those of the sham-treated rats in the 28-day hormone group.
DISCUSSION
Estrus termination has been characterized experimentally as a reduction in the sexual receptivity (e.g., lordosis) of gonadally intact females with time or repeated copulations (Hardy and DeBold, 1971; Lodder and Zeilmaker, 1976; Krieger, Orr, and Perper, 1976) . Previous work has also established that paced copulations can hasten the decline in lordosis responding during estrus termination compared to unpaced copulations Erskine, 1985; Erskine and Baum, 1982; Erskine et al., 1989) . The ability of females to pace their copulatory interactions with males leads to stronger intromissive stimulation that is often spaced at relatively longer interintromission intervals than those observed under nonpaced conditions McClintock, 1984) . The imposition of femalepreferred interintromission intervals, or the display of long latencies to return to a sexually active male, depends critically on the amount of prior copulatory stimulation (Bermant and Westbrook 1966; Pfaus et al., 1999; Yang and Clemens, 1997) . Indeed, Lodder and Zeilmaker (1976) reported that transections of the pelvic nerve in females led to a slowing of the decline in receptivity, suggesting that copulatory stimulation, and in particular, VCS, was important for estrus termination.
The present study demonstrates that VCS, applied in a distributed manner that mimics the intromissive stimulation received by females during copulation with a male (Pfaus et al., 1993 (Pfaus et al., , 1996 , can induce a dynamic pattern of estrus termination in OVX females primed with estrogen and progesterone. Females decreased certain appetitive sexual responses, such as proceptive hops and darts, and increased their rejection responses, prior to the decline in their ability to show lordosis. This pattern was enhanced in females that received VCS, but also developed later in the sham group during sequential copulations with males. However, the most complete form of this pattern was observed in females that received hormone priming at 28-day intervals. A weaker pattern was observed at 14-day intervals, whereas females at 7-day intervals showed only a decline in proceptive hops and darts. No pattern of estrus termination was observed in females that received hormone priming at 4-day intervals, regardless of the stimulation condition. 
Hormone Sensitivity and Estrus Termination
The general lack of estrus termination behaviors in the 7-and 4-day interval groups suggests that they can be diminished or eliminated by frequent hormone priming. Estrous cyclicity typically occurs at 4-to 5-day intervals in the gonadally intact, unmated rat (reviewed in Freeman, 1994) . However, a reproductively mature, sexually active female in the wild will likely experience longer intervals between periods of behavioral estrus due to intromission-induced pseudopregnancy or actual pregnancy with or without a period of lactational diestrus (Moralí and Beyer, 1979) . In these cases, the actual interval between copulations (and hence the experience of copulatory VCS) could be anywhere from 3 to 5 weeks. It is possible that frequent hormone priming activates neural pathways for sexual receptivity in a way that retards or inhibits the development of estrus termination. Subcutaneous implantation of Silastic capsules that contain estradiol can render ovariectomized females continuously receptive, despite receiving multiple vaginal intromissions, an effect that depends critically on the amount of estradiol secreted from the capsule (Albert et al., 1991) . Such a mechanism of increased sensitivity to estradiol, or decreased sensitivity to VCS, could enhance the ability of intact, cycling females to get pregnant if they either have been unmated for a long period or have recently been pseudopregnant, by keeping them sexually receptive for a longer period of time. However, the mechanisms that may underlie this change in sensitivity are unknown. Ovariectomy increases estrogen receptor (ER) mRNA and protein in brain regions that control female sexual behavior, such as the medial preoptic area (mPOA) and ventromedial hypothalamus (VMH), whereas subsequent treatment with estradiol decreases this expression to intact levels (Lauber et al., 1990; Meredith, Auger, and Blaustein, 1994) . During pregnancy, ER mRNA and protein increase in the mPOA and VMH at different times prior to parturition, whereas in the bed nucleus of the stria terminalis (BNST), these levels increase after parturition Morrell, 1995, 1996) . However, Clark and Roy (1985) reported that lactating female rats require a period of estradiol priming (e.g., 3 days of 10 g) before they will display sexual receptivity. Sexual receptivity was not observed in that study following a single injection of 50 g of estradiol, nor after an additional 1 mg of progesterone. Although our 14-or 28-day hormone priming regimens do not replace the circulating hormone levels experienced by pseudopregnant or pregnant females, respectively, it would be important to test whether estrus termination occurs more quickly in intact, sexually experienced females following pregnancy and parturition than in sexually experienced females allowed to go through several unmated estrous cycles over the same time course.
Estrus Termination and Female Sexual Motivation
We have used bilevel chambers previously to study appetitive and consummatory sexual behaviors of male rats (Pfaus, Mendelson, and Phillips, 1990 ) and female rats (Pfaus et al., 1999) . In the latter study, OVX females that had been given different steroid priming regimens (oil control, low estrogen and progesterone, high estrogen alone, and high estrogen and progesterone) at 4-day intervals were observed through the first ejaculatory series. None of the unprimed or partially primed females displayed passive rejections, whereas all of these females showed a lower level of active rejection than that observed in either VCS or shamstimulated females in the 28-day interval group. Fully primed females observed through four ejaculatory series over the course of 1 h showed significant reductions in solicitation, and significant increases in pacing, by the fourth series (Pfaus et al., 1999) . Those females also displayed a small increase in active rejections, but maintained stable rates of lordosis and proceptive hops and darts. Taken together with the present study, these data suggest that estrus termination follows a progression of behavioral responses induced by VCS, beginning with reduced solicitations, increased intervals between intromissions, and an increased number of active rejections. These behaviors precede the induction of passive avoidance of the male, and precede the decrease in lordosis responding. Given that sexually experienced male rats learn quickly not to copulate with nonreceptive females (Kippin et al., 1998; Pfaus and Pinel, 1989) , we argue that the termination of sexual behavior in female rats during the evening of proestrus or morning of estrus may occur much sooner than decreased lordosis responsiveness would indicate. In fact, it is likely that such females are still capable of showing lordosis if they receive flank stimulation, but rarely do because they fight with males who attempt to mount them.
Brain Mechanisms
Although brain mechanisms responsible for estrus termination in rats have not yet been identified, stud-ies have begun to isolate brain regions that play a role in the different effects of VCS. VCS induces immediate-early gene products (e.g., Fos, Jun, Egr-1) within several important hormone-concentrating regions of the brain, including the mPOA, lateral septum (LS), BNST, VMH, posteriordorsal medial amygdala (MEApd), lateral habenula (LHab), ventral premammillary nuclei, and mesencephalic central grey (Pfaus et al., 1993 (Pfaus et al., , 1996 Polston and Erskine, 1995; Rowe and Erskine, 1993; Blaustein, 1993, 1994) . Previous lesion and hormone implant studies have shown that some of these regions, such as the mPOA, VMH, and LHab, are involved in the stimulation of sexual proceptivity and receptivity, whereas other regions, such as the LS, are involved in the inhibition of sexual receptivity (Pfaff et al., 1994; Arai, 1983, 1990) . Lesions of the VMH block the short-term increase in lordosis responding produced by both intromissions and olfactory stimulation from males, whereas estrogen placements can enhance this effect in ovariectomized rats (Rajendren et al., 1991) . Infusions of the local anesthetic lidocaine to the MEApd can block the induction of pseudopregnancy following 15 intromissions (Coopersmith, Gans, Rowe, and Erskine, 1996) . Brainstem serotonin levels are also significantly higher in females that receive intromissions, compared to mounts only (Erskine and Baum, 1982) , and lesions of the dorsal raphe nucleus elevate lordosis quotients in females primed with low levels of estrogen (Kakeyama and Yamanouchi, 1996) . A recent study by Ramos and DeBold (1999) identified the mPOA as a site of action for VCS in the induction of estrus termination in female hamsters. Bilateral infusion of anisomycin, a broad-spectrum inhibitor of protein synthesis, delayed the inhibition of lordosis following intromissive stimulation by male hamsters, relative to either females that received intromissions following cholesterol infusions or females that that wore a vaginal mask during copulation.
Previous studies have shown that the induction of Fos protein by manual VCS in certain brain regions (e.g., VMH, dorsomedial hypothalamus, and caudal BNST) can be diminished by treatment with estrogen and progesterone, 48 and 4 h, respectively, before VCS (Pfaus et al., 1996; Tetel et al., 1994) . Of these regions, the VMH appears to contain neurochemical subsystems that either facilitate or inhibit sexual receptivity. For example, agonist activity at glutamate receptors in the VMH inhibits lordosis (Kow et al., 1985; McCarthy, Curran, and Feder, 1991) , whereas agonist activity at GABA A receptors in the VMH facilitates lordosis (McCarthy, 1995; McCarthy, Malik, and Feder, 1990) . We have found that VCS induces Fos protein within glutamate neurons in the VMH (Pfaus and Sabongui, in preparation) , suggesting that VCS activates a lordosis-inhibiting system in the VMH. We do not yet know whether this activation is related to the rapid termination of lordosis and initiation of pacing that typically follows an intromission (Pfaus et al., 1999) , or whether it is signaling the activation of a "future event" such as estrus termination that will occur hours later (Pfaus and Heeb, 1997) . Nevertheless, it is interesting to consider that frequent estrogen and/or progesterone priming could delay the initiation of estrus termination, in part, by inhibiting the activation of glutamate neurons in the VMH by VCS.
